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REMARKS 



Claims 5-10 are pending In this applicatlOT. By this Preliminary Amendment. 
Applicant AMENDS the specification, the abstract of the disclosure, and the drawings. 
CANCELS claims 1-4 and ADD new claims 5-10. 

Applicant has attached hereto a Substitute Specification in order to make 
oon-ections of minor informalittes contained in the originally filed specification. 
Applicant's undersigned representative hereby declares and states that the Substitute 
Specification filed concurrently herewith does not add any new matter whatsoever to the 
above-identified patent application. Accordingly, entry and consideration of the 
Substitute Specification are respectfully requested. 

The changes to the specification have been made to correct minor Informalities 
to facilitate examination of the present application. 

Applicant respectfully submits that this application is in condition for allowance. 
Favorable consideration and prompt allowance are respectfully solicited. 
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OVERCURRENT DETECTION CIRCUIT AND REGULATOR COMPRISING SAME 

TECHNICAL FIELD 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 

[0001] The present invention relates to an overcurrent detection 
circuit which, when an overcurrent flows to an output transistor which 
io Q oonotituont olomont that outputs current to a load in a regulator 
that converts a supply voltage into a predetermined DC voltage, for 
example, detects the overcurrent and provides protection, and also 
relates to a regulator that comprioco the including such an overcurrent 
detection circuit. 

BACKGROUND ART 2 . Description of the Related Art 

[0002] A regulator such as a switching regulator or series regulator 
has an output transistor provided between a supply voltage that is 
input and a terminal that is connected to the load and outputs a 
predetermined DC voltage. The regulator maintains a predetermined 
DC voltage by controlling the output transistor. Further, in order 
to prevent the output transistor from being damaged by an overcurrent 
in the event of an anomaly such as when there is a short-circuit of 
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the load, a circuit to detect the overcurrent and implement protection 
is provided ( See, for example, Japanese Patent Dooumcnt l A pplication 
Laid-open No. H8-331757 ) . 

[0003] Fig* 4 shows a conventional overcurrent detection circuit 
and a regulator that oomprioco includes the conventional overcurrent 
detection circuit. The regulator 101 is constituted by an output 
transistor 11 of a P-type MOS transistor, a smoothing circuit 12 that 
smoothes the output of the output transistor 11, an output terminal 
OUT that outputs a smoothed predetermined DC voltage, a control circuit 
14 that controls the output transistor 11 by inputting the voltage 
of the output terminal OUT as feedback, and an overcurrent detection 
circuit 110a that detects the overcurrent of the output transistor 
11 and implements protection. A load 13 is connected to the output 
terminal OUT. 

[0004] The overcurrent detection circuit 110a is constituted by 
a monitor transistor 121 of a P-type MOS transistor_j_ the source of 
which is connected to a supply voltage Vcc and the gate of which is 
connected to the gate of the output transistor 11, an output current 
detection resistor 122^ one end of which is connected to the drain 
of the monitor transistor 121 and the other end of which is grounded, 
an overcurrent detection output transistor 123 of an N-type MOS 
transistor, the gate of which is connected to an interconnect between 
the drain of the monitor transistor 121 and the output current detection 
resistor 122, the drain of which is connected to the control circuit 
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14^ and the source of which is grounded. Here, the size of the monitor 
transistor 121 is set at 1/N that of the output transistor 11. The 
current flowing to the monitor transistor 121 is only used in the 
overcurrent detection. Therefore, N is a natural number with a large 
value to minimize the current value so that the power loss is not 
increased, 

[0005] Now, when an output current I© flows to the output transistor 
11, a current having a value of substantially Iq/N flows to the monitor 
transistor 121 and a corresponding voltage is produced in the output 
current detection resistor 122 with ground potential serving as a 
reference. Further, when the output current To become an overcurrent 
and the voltage exceeds a threshold value (Vth) of the overcurrent 
detection output transistor 123, the overcurrent detection output 
transistor 123 outputs a low level. As a result, the control circuit 
14 turns OFF the output transistor 11 since the output current of the 
output transistor 11 exceeds the overcurrent detection level (since 
it is judgo d determined that an overcurrent is flowing) . Here, the 
overcurrent detection level can be adjusted by the size of the monitor 
transistor 121 and the resistance value of the output current detection 
resistor 122. 

[0006] —Thereafter, another conventional overcurrent detection 
circuit and a regulator comprioin g including the overcurrent detection 
circuit are shown in Fig. 5. The regulator 102 has substantially the 
same constitution as the regulator 101 apart from the overcurrent 



detection circuit 110b, The overcurrent detection circuit 110b also 
oomprioGo includes the monitor transistor 121 and output current 
detection resistor 122 as per the overcurrent detection circuit 110a 
above. The overcurrent detection circuit 110b oomprioQo includes an 
overcurrent detection output coitqparator 125 instead of the overcurrent 
detection output transistor 123, The overcurrent detection output 
comparator 125 has an inversion input terminal connected to the 
interconnect between the monitor transistor 121 and output current 
detection resistor 122/ a non-inversion input terminal connected to 
an overcurrent detection reference voltage 124, and an output terminal 
connected to the control circuit 14. 

[0007] When the output current I© flows to the output transistor 
11, a current of substantially lo/N flows to the monitor transistor 
121 and the corresponding voltage is produced in the output current 
detection resistor 122 with the ground potential serving as the 
reference. When the output current 1© booomo b ecomes an overcurrent 
and the voltage exceeds the overcurrent detection reference voltage 
124, the overcurrent detection output conparator 125 outputs a low 
level. As a result, the control circuit 14 turns OFF the output 
transistor 11 since the output current of the output transistor 11 
exceeds the overcurrent detection level. Here, the overcurrent 
detection level can be adjusted by the size of the monitor transistor 

121, the resistance value of the output current detection resistor 

122, and the value of the overcurrent detection reference voltage 124 . 



[0008] Patent DocumGnt 1 

Laid - open No, H 8 -331757 



Japanooe — Patent — Application 



DICCLOCURE OF THE INVENTION 
PROBLEM TO BE SOLVED BY THE HIVENTION 

[0009] Thus, the overcurrent detection circuits 110a and 110b are 

able to detect the overcurrent flowing to the output transistor 11. 
The present inventor, who conducted research into further improving 
the accuracy of the overcurrent detection level of the overcurrent 
detection circuit, focused attention on the voltage produced in the 
output current detection resistor 122 in the overcurrent detection 
circuits 110a and 110b, that is, the drain voltage of the monitor 
transistor 121 is produced with ground potential as a reference, whereas 
the drain voltage of the output transistor 11 is produced not with 
ground potential as a reference. That is, the voltage of the drain 
of the monitor transistor 121 accordingly differs from the voltage 
of the drain of the output transistor 11 and, as a result, it is assumed 
that the current of the monitor transistor 121 is dioplaoed different 
from the value lo/N. 

[ddM£009] Therefore, although consideration was paid to adjusting 
the overcurrent detection level by calculating the 
dioplacomont dif ference beforehand and changing the resistance value 
of the output current detection resistor 122, because the magnitude 
of the displacement also varies when the input supply voltage Vcc 
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fluctuates, such a countermeasure is ineffective. 
[0O3 AOO1O 1 Furthermore, the present inventor also focused on the 
effect on the overcurrent detection level resulting from the fact that 
the monitor transistor 121 and output transistor 11 have different 
temperature characteristics from the output current detection resistor 
122 when the temperature fluctuates. Further, because the 
characteristic of the overcurrent detection output transistor 123 in 
the overcurrent detection circuit 110a also fluctuates, it is assumed 
that the overcurrent detection level further fluctuates. 

[0012] The prooont invention wao ooncoivod for the 

SUMMARY OF THE INVENTION 
[0011] In order to overcome the problems described abov e roaoonoi 
and an object , preferred embodiments of the present invention io to 
provide an overcurrent detection circuit and a regulator that oomprioco 
^fe eincludes an overcurrent detection circuit that permit oupproooion 
of tho m inimizes fluctuations in the overcurrent detection level when 
the input supply voltage or temperature fluctuates. 

MEANS FOR SOLVING THE PROBLEM 

[0013] In order to oolvo the abovo problem/ — feh e[0012] An 

overcurrent detection circuit according to a preferred embodiment of 
the present invention is an overcurrent detection circuit which detects 
an overcurrent when the overcurrent flows to an output transistor ^ 
^fee -having an input terminal e^ -to which a supply voltage is input, 
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to tho£ control terminal e# -to w hich a control voltage is input, and 
from tho an output terminal e# -f rom w hich an output current is output , 
oomprioing ; including a monitor transistor having a control terminal 
and an output terminal e*-which are connected to the control terminal 
and the o utput terminal respectively of the output transistor-^^ an 
output current detection transistor ^e -having an input terminal 
to w hich a supply voltage is input s to and a control terminal e#-to 
which a detection bias voltage is input, and an output terminal of 
which is connected to an input terminal of the monitor transistorf>_ 
a constant current source that generates a reference current-f-^ a 
reference transistor ^e -having an input terminal e^ ^to w hich a supply 
voltage is input, -fee-a control terminal e#-to which the detection bias 
voltage is input and an output terminal from tho output terminal of 
which the a reference current flows to the constant current source-^>_ 
and a comparison circuit that detects an overcurrent when the 
overcurrent flows to the output transistor by comparing the voltage 
of the output terminal of the output current detection transistor and 
the voltage of the output terminal of the reference transistor, and 
outputs an overcurrent detection signal. 

4^044 [0013 ] The output transistor, the monitor transistor, the 
output current detection transistor, and the reference transistor are 
preferably P-type MOS transistors. 

[dOlSj — 0014] The comparison circuit preferably oompriooo t includes 
a diode-connected first comparison transistor that is interposed 
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between the constant current source and the reference transistor•^^ 
a second constant current source that generates a current that is a 
predetermined multiple of the reference current generated by the 
constant current source-fv. and a second comparison transistor that is 
interposed between the second constant current source and the output 
current detection transistor, a control terminal of the second 
comparison transistor being connected to a control terminal of the 
first comparison transistor. 

[W3r €0015 ] The regulator according to a preferred embodiment of 
the present invention is a regulator eomprioin g includinq the 
above -described overcurrent detection circuit, wherein the output 
transistor is provided between a supply voltage and an output terminal 
that outputs a predetermined DC voltage, and the regulator further 
Qompxioca includes a control circuit that controls the output transistor 
to maintain the predetermined DC voltage by inputting the voltage of 
the output terminal as feedback and that turns off the output transistor 
when the overcurrent detection signal of the overcurrent detection 
circuit is input to the control circuit, 

EFFBCTC OF TUB INVENTION 
iO0WJOO16] The overcurrent detection circuit according to a 
preferred embodiment of the present invention to epreferably includes 
a serial body of a monitor transistor and an output current detection 
transistor provided in parallel with an output transistor, and a 
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reference transistor provided in parallel with an output current 
detection transistor. Because the overcurrent detection circuit 
detects an overcurrent by comparing the output of the output current 
detection transistor with the output of the reference transistor, even 
when the input supply voltage or temperature fluctuates, the 
characteristics of these transistors do not fluctuate very much in 
relative terms and the fluctuations in the overcurrent detection level 
can be oupprcoood, m inimized. Further, the regulator that 
compriooo includes the overcurrent detection circuit has a stable 
overcurrent detection level and, therefore, reliability can be 
improved . 

[0017] These and other elements, features, characteristics and 

advantages of preferred embodiments of the present invention will be 
apparent from the following detailed description of preferred 
embodiments of the present invention with reference to the attached 
drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] -t Fig.— JrJ — Fig* 1 is a circuit diagram of an overcurrent 

detection circuit according to tt fta preferred embodiment of the present 
invention and a regulator that oompriooo includes the overcurrent 
detection circuit•^^ 

[ Fig. 2] 0 019] F ig. 2 is an operating waveform diagram of 
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the overcurrent detection circuit of Fig.l■^^ 

[ Fig, 3] 0020] F iq> 3 is a circuit diagram of an overcurrent 
detection circuit according to another preferred embodiment of the 
present invention and a regulator that Qomprioco includes the 
overcurrent detection circuit-^^ 

[Fig, 4] [0021] Fig, 4 is a circuit diagram of eft— a conventional 
overcurrent detection circuit and a regulator that compriaca 
^fe eincludes an overcurrent detection circuit / and^ 

[ Fig, 5] 0022] F ig, 5 is a circuit diagram of another 
conventional overcurrent detection circuit and a regulator that 
oompriooo includes the overcurrent detection circuit. 

EXPLANATION OF REFERENCE NUtffiRALS DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

[0019] irr-i — Regulator 

lOOi F — 10b Ovorourront dotootion circuit 
■14 — Output tranoiotor 
i3 — heet^ 

a — Monitor tranoiotor 

220^ 22b Output current detection tranoiotor 
*3 — Roforonoc tranoiotor 
•24 — Conotant current oouroc 
25ar 25b — Comparioon oirouit 
— Dotoction biao voltage 
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— Firot Gomporioon tranoiotor 
52 — SoGond Gomparioon tranoiotor 
•S3 — SoGond conotant current oourGO 

— Supply voltage 
9^5 — Output tGrminal of Regulator 

DECT MODE FOR CARRYING OUT THE INVENTION 
-fOOg O[0023 ] Preferred embodiments of the present invention will 
be described hereinbelow with reference to the drawings. Fig. 1 is 
a circuit diagram of an overcurrent detection circuit according to 
a fta preferred embodiment of the present invention and a regulator that 
GomprioGO — feb eincludes an overcurrent detection circuit. This 
regulator 1 providoo p referably includes an output transistor 11 of 
a P-type MOS transistor between a supply voltage Vcc and an output 
terminal OUT and maintains the output terminal OUT at a predetermined 
DC voltage by controlling the output transistor 11 and, when an 
overcurrent flows to the output transistor 11, an overcurrent detection 
circuit 10a detects the overcurrent and turns OFF the output transistor 
11. To describe this in more detail, the regulator 1 
Gompriooa p referably includes an output transistor 11 to the h aving 
an input terminal (source) -e ^to w hich a supply voltage Vcc is input, 
to thc a control terminal (gate) e#-to which a control voltage is input, 
and an output terminal (drain) from the output terminal (drain) of 
which the output current lo is output, a smoothing circuit 12 that 
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smoothes the voltage produced at the output terminal of the output 
transistor 11, an output terminal OUT that outputs a predetermined 
DC voltage that has been smoothed, a control circuit 14 that controls 
the output transistor 11 via node C in Fig* 1 in order to maintain 
the predetermined DC voltage by inputting the voltage of the output 
terminal OUT as feedback and that, when the overcurrent detection signal 
of the overcurrent detection circuit 10a is input to the control circuit 
14 from node D, establishes the control voltage of node C at the supply 
voltage Vcc level in order to turn OFF the output transistor 11, and 
the overcurrent detection circuit 10a that detects an overcurrent when 
an overcurrent flows to the output transistor 11 and outputs the 
overcurrent detection signal to the control circuit 14 from node D. 
Load 13 is connected to the output terminal OUT. 

[0021] [00241 The overcurrent detection circuit 10a 

compriooo p referably includes a monitor transistor 21 of a P-type MOS 
transistor -febe -having a control terminal (gate) and an output terminal 

(drain) e*-which are connected to the control terminal (gate) and an 
output terminal (drain) respectively of the output transistor 11-^^ 
an output current detection transistor 22a of a P-type MOS transistor 
to the h aving an input terminal (source) ^-^-to which the supply voltage 
Vcc is input, to the a_control terminal (gate) e^ -to which a detection 
bias voltage 28 is input, ^fetee -and an output terminal (drain) of the 
output current detection transistor 22a being connected to the input 
terminal (source) of the monitor transistor 21-^^ a constant current 
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source 24 of an N-type MOS transistor that generates a reference current 
Iref (10 ]JtA, for example-H-) , a reference transistor 23 of a P-type MOS 
transistor having an input terminal (source) to the input terminal 
(oouroo) of w hich the supply voltage Vcc is input, to the a control 
terminal (gate) e ^to w hich a detection bias voltage 28 is input, and 
from tho an output terminal (drain) e# -f rom which the reference current 
Iref flows to the constant current source 24-^^ and a comparison circuit 
25a oonoiotinq o f including a comparator that compares the voltage (that 
is, the voltage of node B in Fig. 1) of the output terminal (drain) 
of the output current detection transistor 22a and the voltage (that 
is, the voltage of node A in Fig. 1) of the output terminal (drain) 
of the reference transistor 23 and outputs a detection signal to node 
D. The comparison circuit 25a more specifically outputs a high-level 
detection signal when an overcurrent is not flowing to the output 
transistor 11 and outputs a low- level overcurrent detection signal 
when an overcurrent is flowing and is detected. That is, the 
overcurrent detection circuit 10a has a serial body conoiating 
e #includinq the monitor transistor 21 and an output current detection 
transistor 22a provided in parallel with the output transistor 11 and 
has the reference transistor 23 provided in parallel with the output 
current detection transistor 22a, and detects an overcurrent by 
comparing the output of the output current detection transistor 22a 
with the output of the reference transistor 23 . The monitor transistor 
21, output current detection transistor 22a, and reference transistor 
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23 are equal in size and set at 1/N (1/50000, for example) the size 
of the output transistor 11. The overcurrent detection circuit 10a 
further oompriooo includes an N-type MOS transistor 26 and constant 
current source 27 which determine the current value of the constant 
current source 24. 

[Wa a0025 ] The detection bias voltage 28 that is commonly input 
to the control terminals of the output current detection transistor 
22a and reference transistor 23 is preferably made to substantially 
match the voltage of the control terminal (gate) of the monitor 
transistor 21. For example, when the regulator 1 is a switching 
regulator, the detection bias voltage 28 is preferably at the ground 
voltage level. 

[00330026] The operation of the overcurrent detection circuit 10a 
will be described next on the basis of the operating waveform diagram 
in Fig. 2 . The operating waveformdiagram shows the operating waveforms 
of nodes A and B (curves A and B) , that is, the change in the voltages 
of nodes A and B with respect to the output current !©# and the operating 
waveforms of the comparison circuit 25a, that is, the change in the 
detection signal output (voltage of node D) . The sizes of the monitor 
transistor 21 and output current detection transistor 22a are set at 
1/N that of the output transistor 11. Hence, when the output current 
lo flows to the output transistor 11, the current Ii flowing to the 
serially connected (serial body) monitor transistor 21 and output 
current detection transistor 22a is then substantially Io/2N. That 
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is, supposing that the value of the equivalent resistors of the monitor 
transistor 21 and output current detection transistor 22a is the 
value of the equivalent resistor of the output transistor 11 is R/N, 
whereby the following equations are established • 

RIi + RIi = Rio /N «.(1) 

Hence, 

Ii = Io/2N ...(2) . 

[00240027] Further, the voltage required to cause a current of Io/2N 
to flow to the output current detection transistor .22a is produced 
at node B with the supply vol tage Vcc serving as a reference . The voltage 
of node B drops linearly when the output current lo of the output 
transistor 11 increases. On the other hand, the voltage required to 
cause the reference current Iref to flow to the reference transistor 
23 is produced at node A with the supply voltage Vcc serving as a reference . 
Therefore, when the output current I© of the output transistor 11 
increases and the current Io/2N flowing to the monitor transistor 21 
and output current detection transistor 22a exceeds the value of the 
reference current iREPr that is, supposing that the voltage of node 
B drops to or below the voltage of node A, the detection signal of 
node D constituting the output of the comparison circuit 25a changes 
from a high level to a low level (overcurrent detection signal) . More 
specifically, when N is set at 50000 and the reference current Iref 
is set at 10 jljA, the current lo of the output transistor 11 is equal 
to or more than substantially lA (amperes) and the detection signal 
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of node D assumes a low level. As a result, the control circuit 14 
turns OFF the output transistor 11 since the output current lo of the 
output transistor 11 exceeds the overcurrent detection level Ie (since 
it is judged that an overcurrent is flowing) • 

[00250028] Here, the voltages of the respective output terminals 
(drains) of the monitor transistor 21 and output current detection 
transistor 22a of the serial body and of the reference transistor 23 
are produced in accordance with the value of the current flowing thereto 
as per the output transistor 11, with the supply voltage Vcc serving 
as a reference. Therefore, a displacement of the ratio of the currents 
flowing to these transistors from the ratio of size thereof, which 
is caused by fluctuations in the voltages of the output terminals 
(drains) of these transistors due to the effect of other elements, 
is oupprco ocd . m inimi zed . Even when the supply voltage Vcc fluctuates, 
the voltages of the output terminals (drains) of these transistors 
are produced with the supply voltage Vcc serving as a reference . Hence, 
the effect is not received and fluctuations in the overcurrent detection 
level Ie are barely induced. 

[00240029] In addition, the output transistor 11, monitor 

transistor 21, output current detection transistor 22a, and reference 
transistor 23 are all preferably P-type MOS transistors and have the 
same temperature characteristic. Hence, the characteristics of the 
monitor transistor 21, output current detection transistor 22a, and 
reference transistor 23 vary in the same way as the characteristic 
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of the output transistor 11 even when the temperature fluctuates and 
fluctuations in the overcurrent detection level Ie produced as a result 
of fluctuations in temperature can be oupproooGd m inimized . 
[0027-0030] An overcurrent detection circuit according to another 
preferred embodiment of the present invention and a regulator that 
GomprioQo includes the overcurrent detection circuit will be described 
next on the basis of Fig* 3. The regulator 2 has substantially the 
same constitution as that of the regulator 1 above apart from the 
overcurrent detection circuit 10b and, therefore, the overcurrent 
detection circuit 10b will be described below. 

[00260031] As per the overcurrent detection circuit 10a, the 
overcurrent detection circuit 10b oompriooo includes the monitor 
transistor 21, an output current detection transistor 22b, the 
reference transistor 23, and the constant current source 24 that 
generates the reference current Iref* However, although the sizes of. 
the monitor transistor 21 and reference transistor 23 are established 
as the same as those of the overcurrent detection circuit 10a, the 
size of the output current detection transistor 22b is established 
as two times the size of the monitor transistor 21 and reference 
transistor 23. 

[00290032] The overcurrent detection circuit 10b fee &preferably 
includes a comparison circuit 25b comprioing including another circuit 
constitution instead of the coirparison circuit 25a conoioting 
e #including the comparator of the above -described preferred embodiment . 
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The comparison circuit 25b oomprioGo includes a first comparison 
transistor 31 of a diode-connected (the output terminal (drain) and 
control terminal (gate) thereof are connected) P-type MOS transistor 
that is interposed between the constant current source 24 and reference 
transistor 23^^ a second constant current source 33 that generates 
a current that is a predetermined multiple (equal value in this 
embodiment) of the reference current Iref generated by the constant 
current source (N-type MOS transistor) 24 by having a common gate 
voltage with the constant current source 24■^£_ and a second comparison 
transistor 32 of a P-type MOS transistor that is interposed between 
the second constant current source 33 and the output current detection 
transistor 22b, the control terminal (gate) of the second comparison 
transistor 32 being connected to the control terminal (gate) of the 
first comparison transistor 31. Therefore, when the potential of the 
input terminal (source) of the second con^arison transistor 32 drops 
below that of the input terminal (source) of the first comparison 
transistor 31, current no longer flows to the second comparison 
transistor 32 (the second comparison transistor 32 is turned OFF) . 
4003 0 [0033 ] The operation of the overcurrent detection circuit 
10b will be described next . Supposing that the value of the equivalent 
resistance of the monitor transistor 21 and reference transistor 23 
is R, the value of the equivalent resistance of the output current 
detection transistor 22b is then R/2 and the value of the equivalent 
resistance of the output transistor 11 is R/N. The current flowing 
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to the output current detection transistor 22b is divided into a current 
Il that flows to the monitor transistor 21 and a current Iref that flows 
to the second constant current source 33, Hence, avoltageR (Iref+Ii)/2 
that is required in order for the current Iref+Ii to flow to the output 
current detection transistor 22b is produced at node B with the supply 
voltage Vcc serving as a reference. And, 

R(Iref+Ii)/2 + RIi = Rio /N ...(3) 
is established and the current Ii flows to the monitor transistor 21 
to satisfy this equation. 

[OOa3 r0034 1 On the other hand, a voltage RIref required in order for 
the reference current Iref to flow to the reference transistor 23 is 
produced at node A with the supply voltage Vcc serving as a reference. 
When the voltage of node B is equal to the voltage of node A, 

R(Iref+Ii)/2 = RIref ...(4) 
is established. Solving this equation gives: 

Il = Iref (5) • 

Further, when Equation (5) is substituted into Equation (3) 
Il = Iref ^ lo /2N ...(6) . 

Further, when current Ii that flows to the monitor transistor 
21 exceeds current Iref/ the voltage of node B drops below that of node 
A and, therefore, the second comparison transistor 32 is turned OFF 
and the output of the comparison circuit 25b, that is, the detection 
signal of node D changes from a high level to a low level (overcurrent 
detection signal) . More specifically, supposing that N is set at 50000 
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and the reference current Iref is set at 10 jjA, when the output current 
lo of the output transistor 11 is equal to or more than lA, the detection 
signal of node D assumes a low level, 

[00320035] Thus, as per the overcurrent detection circuit 10a, when 
an overcurrent flows to the output transistor 11, the overcurrent 
detection circuit 10b is able to detect the overcurrent and output 
an overcurrent detection signal from node D to the control circuit 
14. In addition, the comparison circuit 25b of the overcurrent 
detection circuit 10b does not use a comparator such as the comparison 
circuit 25a of the overcurrent detection circuit 10a. Hence, the number 
of elements constituting the circuit can be reduced and the occupied 
surface area and power consumption can be reduced. 
4003 3 [0036 ] In the overcurrent detection circuit 10a or 10b, the 
reference current Iref may be changed in order to adjust the overcurrent 
detection level Ie. Further, in the case of overcurrent detection 
circuit 10b, by changing the predetermined scaling factor of the current 
value that flows by changing the size of the second constant current 
source (N-type MOS transistor) 33 with respect to the constant current 
source (N^type MOS transistor) 24, the overcurrent detection level 
Ie can also be adjusted. For example, when the size of the second 
constant current source (N-type MOS transistor) 33 is 1/2, when 

Iref = 2Io/5N ...(7)7- 
7-the voltage of node B equals the voltage of node A. Hence, supposing 
that N is set at 50000 and the reference current Iref is set at 10 jtiA, 
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the overcurrent detection level Ie is 1,25 A. 

4Wa 4[0037 ] In addition, the overcurrent detection level Ie can 
also be adjusted by changing the ratio of the size of the reference 
transistor 23 with respect to that of the monitor transistor 21 and 
output current detection transistor 22a (22b) • For example, in the 
case of the overcurrent detection circuit 10a, supposing that the size 
of the reference transistor 23 is 1/2 that of the monitor transistor 
21 and output current detection transistor 22a, the overcurrent 
detection level Ie is 2A under the above conditions (that N is 50000 
and the reference current Irbf is 10 }jA) . Furthermore, in the case 
of the overcurrent detection circuit 10b, supposing that the size of 
the reference transistor 23 is 1/2 that of the monitor transistor 21, 
when 

Iref = lo /5N ... (8)t- 

7— the voltage of node B equals the voltage of node A. Hence, the 
overcurrent detection level Ie is then 2 .SA under the above conditions 
(that N is 50000 and the reference current Iref is 10 ;jA) • 
[90350038] The present invention is not limited to the 

above -described preferred embodiments. A variety of design 
modifications within the scope of the items appearing in the claims 
are possible* For example, although, in the above 

ombodimont -described preferred embodiments , the description was such 
that the output transistor 11 of the regulator is preferably a P-type 
MOS transistor, and the monitor transistor 21, output current detection 
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transistor 22a (22b) and reference transistor 23 of the overcurrent 
detection circuit rH?e -mav preferably be all P-type MOS transistors, 
the output transistor 11 can also be an N-type MOS transistor, a PNP-type 
bipolar transistor or an NPN-type bipolar transistor. In this case, 
it is understood that the overcurrent detection circuit may be 
constituted by the monitor transistor 21, output current detection 
transistor 22a (22b) , and reference transistor 23 adapted to the type 
of the output transistor 11. 

[0039] While preferred embodiments of the present invention have 

been described above, it is to be understood that variations and 
modifications will be apparent to those skilled in the art without 
departing the scope and spirit of the present invention. The scope 
of the present invention, therefore, is to be determined solely by 
the following claims. 
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